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(g) Tracking control device for magnetic recording/reproducing apparatus. 



@ A tracking control device for a magnetic recording/reprodudng apparatus arranged in such a manner 
that a head unit having a plurality of magnetic heads is successively moved in the widthwise direction of 
a magnetic tape for switching tracking positions so that data recording/reproducing is. by each of the 
plurality of magnetic heads, perfomried along a plurality of data tracks fonmed on the magnetic tape In 
parallel to a direction in which the magnetic tape moves. The tracking control device has at least two 
sen/o signal reproducing heads provided integrally with the head unit and provided for the purpose of 
reproducing servo signals for tracking use from a plurality of servo tracks fomied in parallel to the data 
tracks on the magnetic tape, and movement control unit for controiling. at each of the tracking 
positions, movement of the head unit in the widthwise direction in accordance with the difference in two 
servo signals reproduced by adjacent two of the servo signal reproducing heads corresponded to each 
of the tracking positions. 
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TRACKING CONTROL DEVICE FOR MAGNETIC RECORDING/REPRODUCING APPARATUS 



BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a tracking control device for a magnetic recording/reproducing apparatus 
5 for recording/reproducing infomiation along a plurality of tracks running in parallel to the direction in which a 
magnetic tape moves by successively moving magnetic heads in the widthwise direction of the magnetic tape. 

(2) Description of the Related Art 

10 Hitherto, a magnetic recording/reproducing device for use in an audio apparatus has been usually arranged 
in such a manner that the number of the tracks and that of the heads are the same except for devices having 
a rotary head. The "number of the tracks" means the total number of data tracks fonned In parallel to a direction 
in which the tape moves. The "number of heads" means the number of magnetic heads included by a combi- 
nation head which integrally has magnetic heads such as the recording heads and reprodudng heads or the 

15 recording/reproducing heads. A magnetic recording/reproducing apparatus of the type described above is pro- 
vided with tape head r^ative positton restricting means for restiicting the relative position between the magnetic 
tape and the magnetic head. A typical restricting means has a guide post In which there is fonined a pair of 
flanges for guiding the two widthwise dtetlonal ends of the magnetic tape. 

Since the above-descr1t)ed tape head relath^e position restricting means is arranged to prevent the vertical 1 

20 waving of the magnetic tape by bringing the two ends of the magnetic tape into contact with the flanges, there ; 
arises a fear, when a magnetic tape the width of which is larger than the distance t)etween the two flanges is : 
nrwved, in that the two ends of the magnetic tape can be damaged due to mechanical stress applied to the two ^ 
ends of the magnetic tape. Since the magnetic tape must be protected from damage, it has been difficult to 
improve the accuracy in positioning tiie magnetic tape up to several tens of micromillimeters. What is even 

25 worse, the above-described problem experienced with a high density magnetks recording/reproducing 
apparatus the allowable offlrack quantity of which is in a range between a level of ten and several tens of mil- 
limeters cannot satisfactorily be overcon>e by simply restricting the positional movement of the magnetic tape 
by the above-described flanges. 

Recentiy, thin fDm magnetic heads have been advanced, causing combination heads of a type having a 

30 large number of heads to be developed. Therefore, the degree of density in the multi-track magnetic record- 
ing/reproducing apparatus can further be raised. The apparatus of the type described above is able to record 
data to a track having a narrower wMth. However, also the allowable offtrack is reduced. Therefore, an 
apparatus of the type described above have a tape head relative position restricting means arranged to conrv 
prise, in addition to the above-described flanges, control means for causing the magnetic head to follow waving 

35 of the magnetic tape by its means for detecting the relative position between the magnetic head and the mag- 
netic tape or between the magnetic head and a track and head drive means for moving the magnetic head in 
tiie widthwise direction of the tape. 

The above-described apparatus is exemplified by a fixed head digital audio tape recorder arranged in such 
a manner that the number of the heads and ttiat of the tracks are the same. 

40 The above-described iapparatus is. as disclosed in Singaku Giho EA83-56. Shingaku Giho EA81-64 and 
Sharp Giho 1984-28, arranged in such a manner that a sen/o only track recorded on a magnetic tape is traced 
by a pair of reproducing heads disposed in parallel to each otiier in tiie widtiiwise direction of the tape. The 
tiius obtained reproduced outputs are subjected to a comparison so that a following control is performed. As 
a result, the relative position between the magnetic head and tiie magnetic tape is restricted. 

45 As another example of the tape head relative position restricting means, a control device of a magnetic 
recording/reproducing apparatus which is arranged in such a manner that tiie number of tiie heads and ttiat of 
tiie tracks are the same has been dlsdosed (Japanese Patent Publication No. 63-64811). The control device 
is arranged In such a manner that a tracking signal is recorded along an end of the magnetic tape in tiie widtii- 
wise direction. The tracking signal thus recorded is reproduced by a servo reproducing head so as to subject 

50 tiie reproduced signaMevet to a comparison witti a reference level; As an alternative to thiertracklng information 
is recorded along the two ends of the ntagnetic tape in the widtiiwtee direction. The thus recorded tracking infor- 
mati n is reproduced by a pair of servo reproducing h ads. The I v Is of tiie two reproduced signals are sub- 
jected to a comparison witii each other. As a result, th tracking is perform d. ^ 
Since tii multi-track magnetic recording/reproducing apparatus such as the ab ve-<iescribed fixed head 
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digital audio tap record r Is arranged in such a manner that the track pitch Is about hundreds of micromiilime- 
ters, a c mbinatf n head in which a plurality of recording heads and reproducing heads are integrally formed 

5 can be used by employing a thin film head, the plurality of recording heads and th reproducing heads con-e- 
spond to a plurality of tracks formed on the magnetic tape. 

In order to further raise the recording density, the track width can be reduced by reducing the gap width of 
the magnetic head. However, since the degree of integration of the thin film head involves a certain limitation, 
the track pitch cannotbe reduced satisfactorily. What is even worse, when the number of the heads is increased. 

10 the size of the circuit will be enlarged, causing an excessive cost to be raised. Therefore, a high density mag- 
netic recording/reproducing apparatus which is arranged in such a manner that the track pitch is several tens 
of n^lcromaiimeters and the number of the tracks is several tens to hundreds cannot be realized by a structure 
In which the number of the heads and the number of the tracks are the same. 

Accordingly, a recording system called a serpentine system has recently been employed in a multi-track 

IS magnetic recording/reproducing apparatus which is a backup storage device for an information processing sys- 
tem and which is usually called a cassette streamer, the serpentine system being arranged in such a manner 
that the number of the heads is smaller than the number of the recording heads. 

The serpentine system will be described with reference to Fig. 1 . A magnetic tape 21 which moves In direc- 
tion X and the wWth of which is designated by Y has a track group 22 composed of 16 tracks T^ to Ttg which 

20 are, for example, formed In direction V at equal pitch a. A combination head 23 is disposed to correspond to 
the above-described track group 22, the combination head 23 comprising, for example, four recording heads 
Wt to W4 and four reproducing heads Ri to R4: , 

The recording heads to W4 are disposed in me direction Y at same pitch b (b » 4a), each of the repro- 
ducing heads to R4 being arranged to form a pair in cooperation with conrespondlng recording heads Wi to ^ 

25 W4 disposed m direction X or- X * 
When the recording or reproducing operation is perfomned, the above-described combination head 23 is • 
first moved to a position shown in Fig. 1 . That is. it is nroved to a positidn at which the center of the recording \ 
head and that of the reproducing head R, coinckle with the center of the track Ti , the center of the recording 
head W2 and that of the reproducing head R2 coinckle with the center of the track T5, the center of the recording 

30 head W3 and thatof the reproducing head R3 coincide with the center of the track T9 and the center of the record- 
ing head W4 and that of the reproducing head R4 coincide with the center of the track T^a. 

In this state, the nnagnetic tape 21 is moved in the direction X when data Is recorded so that data is sinv 
ultaneously recorded to the tracks T^ and Tg by the recording heads and W3. 

After data recording to a lengthwise end of the magnetic tape 21 has been ended, the magnette tape 21 

35 is moved in the direction - X so that data is simultaneously recorded to the tracks T5 and T13 by the recording 
heads W2 and After data recording to a lengthwise end of the magnetic tape 21 has been ended, the com- 
bination head 23 is moved in the directfon - Y by the track pitch a so that the center of the recording head Wi 
and that of the reproducing head R^ are made coincWe with the center of the track T2. Then, the magnetic tape 
is allowed to reciprocate in the directions X and • X while maintaining the thus realized relative positx)n. As a 

40 result, data is recorded to the tracks T2, T9, T10 and T14. Then, the combination head 23 is similarly moved by 
a in the direction - Y whenever the magnetic tape 21 reciprocates once. Thus, information is recorded to all of 
tracks Ti to T^ after four times of the redprocating motions have been completed. 

Since the above-described serpentine system multntrack magnetic recording/reproducing apparatus is 
constituted In such a manner that data is recorded/reproduced from a multiplicity of tracks by moving a reduced 

45 number of magnetic heads in the widthwise direction of the tape. Therefore, the track pitch can be reduced 
and the number of the tracks can thereby be increased by an^nging the structure in which the magnetic head 
is moved by a multiplicity of times. Therefore, the thin film head can be integrated smoothly. 

As the head tape relative position restricting means of the serpentine system nrrultf-track magnetic record- 
ing/reproduchg apparatus, a head positioning technology has, as disclosed in, for example, Japanese Patent 

50 Laid-open No. 62-183019, been known in which the stepping nrator is open-loop-contrdled in additksn to the 
resUlctton perfbrmed by the above-described flanges. 

^ However, In the serpentine system magnetic recording/reprodudng. apparatus in which the track pitch is 
several tens of mIcromOlimeters, the track width becomes, of course, several tens of micromiilimeters. There- 
fore, the offlrack becomes a level of ten to several micromiilimeters. However, the tape head relative position 

55 restricting means arranged in such a manner that ttie above-descrit>ed open-loop contrd Is perfonmed cannot 
conrespond to th small aboveHdescribed allowabi offtrack. 

In a case where th total stroke of tii combinatl n head of the above-described serpentine system mag- 
netic recording/reprodudng apparatus Is about 1 mm at the time f switching th track, th servo reprodudng 
head must have a relatively large dynamic range of about 60 dB in order to reduce the tracking residual error 
to b smaller than 1 (im. 
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However, the conventional method in which one servo track is traced by two serv heads encounters a 
problem in that satisfact ry S/N ratio and linearity cannot be obtained in overall region of the large dynamic 
5 range. Therefore, the tracking accuracy at each track switch position has been unsatisfactory. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a tracking control device for a serpentine system magnette 
10 recording/reproducing apparatus capable of overcoming the problems of the above-described conventional 
apparatuses. 

The object of the invention can be achieved by each of the following devices. 

A tracking control device for a magnetic recording/reproducing apparatus an^nged In such a manner that 
a head unit having a plurality of magnetk: heads is successively nDoved in the widthwise direction of a magnetfc 
IS tape for switching tracking posittons so that data recording/reproducing is, by each of sakj plurality of magnette 
heads, perfonned along a plurality of data tracks fbmied on said magnetic tape in parallel to a direction in which 
said magnetic tape moves, said tracking control device comprising : 

at least two servo signal reproducing heads provided integrally with said head unit and provided Ibr the 
purpose of reproducing servo signals for tracking use from a plurality of servo tracks formed in parallel to said 
20 data tracks on saki magnetic tape ; and 

movenient control nrteans for controlling, at each of said tracking positions, movement of saki head unit 
in said widthwise direction In accordance with ttie difference in two servo signals reproduced by adjacent two 
of said servo signal reproducing heads coaeaponded to said each of said tracking positions, wherein 

a pitch of saki servo tracks is an integral multiple of a pitch of said data tracks, the number of saki servo 
25 tracks is the same or smaller tiian ttie number of said tracking positions to be switched and saki servo signal ^ 
reproducing heads.are disposed at substantially the same pitch as saki pitch of said data tracks in said width- * 
wise direction. . ; ? 

A tracking control device for a magnetic recording/reproducing apparatus arranged in such a manner ttiat \ 
a head unit having a plurality of magnetic heads ts successh^ely moved in die wWtti wise direction of a magnetic 
30 tape for switching tracking positions so ttiat data recording/reproducing is, by each of saW plurality of magnette 
heads, perfomfwd aloag a plurality of data tracks fonned on said magnetic tape in parallel to a direction in whteh 
said magnetic tape moves, sate tracking control device comprising : 

servo signal reproducing heads provided integrally with said head unit and provided for the purpose of 
reproducing servo signals for tracking use firom a servo track formed in parallel to said data tracks on said mag- 
as netic tape ; and 

movement control means for controlling, at each of said tracking positions, movement of said head unit 
in said widthwise direction in accordance with ttie difference in two senrt> signals reproduced by adjacent two 
of said servo signal reproducing heads corresponded to saki each of said tracking positions, wherein 

tfie number of saki servo signal reproducing heads is larger ttian, by one, ttie number of said tracking 
40 positions to be switched and saki servo signal reproducing heads are, in said wklttiwise direction, disposed at 
substantially ttie same pitch as a pitch of sate data tracks. 

A tracking control device for a magnetic recording/reproducing apparatus anranged in such a manner ttiat 
a head unit having a plurality of magnette heads is successively nwved in the widttiwise direction of a magnetic 
tape for switching tracking positions so ttiat data recording/reproducing is, by each of sate plurality of magnette 
45 heads, performed along a plurality of data tracks fonnned on said magnetic tape in parallel to a direction in which 
said magnetic tape moves, sate tracking control device comprising : 

sen/o signal reproducing heads provided integrally with said head unit and provided for the purpose of 
reproducing servo signals for tradcing use recorded along one end portion of said magnetic tape with respect 
to sate widthwise direction ; and 
so movement control means for controlling, at each of said tracking positions, movement of sate head unit 

in said wtethwise direction in accordance with the difference between a level of a servo signal reproduced by 
one of said servo signal reproducing heads conresponded to said each of said tracking positions and a level 
of a predetermined reference signal, wherein 

ttie number of said Sjorvo signal reproducing heads Is ttie same ias ttie number of said tracking positions 
55 to be switched and sate servo signal reproducing heads are, in said widUiwise direction, disposed at substan- 
tially ttie same pitch as a pitch of said data tracks. 

A tracking control device for a magnetic recording/reproducing apparatus having a combination head 
including magn tic heads ttie number of whteh Is smaller than the number f data tracks fonned on said mag- 
netic tape in parallel to a direction in which a magnetic tape moves and being arranged to perform data record- 
ing/reproducing along sate data tracks by successively moving said combination h ad in said widttiwise 
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direction for switching tracking positions, said tracking control device comprising : 

reflecting typ photointerrupters each of which Is provided integrally with said combination head so as 
5 to confront one of widthwise ends of said magnetic tape at corresponding one of said tracking positions for 
generating a signal which d notes intensity of light reflected from said magnetic tape ; 

movement control means for controlling, at each of said tracking positions, movement of said combi- 
nation head in said widthwise direction in accordance with the difference between a level of a signal generated 
by one of said reflecting type photointenrupters which confronts said one of said widthwise ends and a level of 
10 a predetemnined reference signal, wherein the number of said reflecting type photointerrupters is the same as 
the number of said tracking positions to be switched and said reflecting type photointerrupters are disposed at 
substantially the same pitch as a pitch of sakl data tracks in said widthwise direction. 

According to the present invention, it is possible to provide a serpentine high density magnetic record- 
ing/reproducing apparatus capable of recording/reproducing information from tracks fonned on a magnetic tape 
15 ata pitch ofseveral tens of microns. 

Further objects and advantages of the present invention will be apparent from the following description, 
reference being had to the accompanying drawings whisrein prefen-ed embodiments of the present invention 
are dearly shown. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a tracking control device of a conventional serpentine system magnetic recording/repro- 
ducing apparatus ; 

Figa 2A and 2B aiustrate a first embodiment of a tracking control apparatus according to the present Invert 
25 tion ; 

Rg. 3 is a block diagram which illustrates drive means of a tracking control device according to the first f 
embodiment; *^ 
Rga 4A and 4B illustrate a modifk:atk)n to the first embodiment of the tracking control device ; 
Figs. SA and 50 iflustrate a second embodiment of the tracking control device according to the present 
30 invention ; 

Fig. 5B is a block diagram of a drive means of the tracking control device according to the second embo- 
diment ; 

Fig. 6 illustrates a modification to the second embodiment of the tracking control devk:e ; 
Figs. 7A and 70 ilustrate a third embodiment of the tracking control device according to the present inven- 
35 tion ; 

Fig. 7B is a block diagram of a drive means of the tracking control device according to the third embodiment ; 
Fig. 8A aiustrates a first modificatton to the third embodiment of the tracking control device ; 
Fig. 8B is a block diagram of a drive means of the tracking control device according to a firet modification ; 
Fig. 9 illustrates a second nr>odification to a third embodin^ent of the tracking control device ; 
40 Fig. 10 illustrates a third modification to the thbxi embodiment of the tracking control device ; 

Fig. 1 1 illustrates a fourth embodiment of the bricking control device according to the present invention ; 
Fig. 12 is a block diagram of a drive means of the tracking control device according to a the fourth embo- 
diment ; 

Fig. 13 illustrates a first modification to the fourth embodiment of the tracking control device ; and 
45 Fig. 14 illustrates a second modificatwn to the fourth embodiment of the tracking control device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first eiTtbodiment of the present invention w9l now be described with reference to Rgs. 2A, 2B and 3. 

50 A magnetic recording/reproducing apparatus according to the first embodiment is used to serve as a backup 
storage device for, for example, a hard disk apparatus. The above-described apparatus employs a serpentine 
method which enables information to be recordedAreproduced from each of tracks by successively moving mag- 
netic heads of the number which is smaller than the number of the tracks of the magnetic tape in the widthwise 
direction of the magnetic tape. 

55 As shown in Fig. 2A. the magnetic recording/reproducing apparatus comprises, as a head unit, a combi- 
natton head 3 having recording heads W1 to W8 and reproducing hiaad R1 to 1^ (partially illustrated) which 
are formed as thin film heads on a pair of substrates 2a and 2b extending in direction Y which is th widthwise 
directton of a magnetic tape 1 . the substrates 2a and 2b being adhered to each th^. The combination head 
3 can be moved in th directi n Y or - Y by a drive means such as a voice coil type linear motor 17 (see Fig. 
3). 
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As a magnetic tape 1, for exampl , aquarteMnch-widetapeisused.Th magnetic tap 1 has 48 data tracks 
T1 to T48 extending In the direction Y and in parallel to the direction in which the magnetic tape 1 moves (in 

5 direcUon X), the magn tic tape 1 being fomied at a predetermined track pitch c (for xample. 120 ^m). As a 
result. Information can be recorded/reproduced along the 48 data tracks T1 to T48. 

The substrate 2a is arranged to have odd recording heads W1, W3. W5 and W7 and even reproducing 
heads R2, R4, R6 and R8 which are respectively arranged alternately. The gaps of the heads formed on the 
substrate 2a are positioned on a straight tine designated by a dashed line A. 

10 The substrate 2b is arranged to have odd reproducing heads R1 . R3. R5 and R7 and even recording heads 
W2. W4, W6 and W8 which are respectively arranged alternately. The gaps of the heads formed on the sub- 
strate 2b are positioned on a straight line designated by a dashed line B. 

The above-described recording heads W1 to W8 and the reproducing heads R1 to R8 are respectively 
arranged in the direction X which is the direction in which the magnetic tape 1 moves so that magnetic head 

IS pairs HI to H8 are fbrmed. The X directional positions of the recording head and the reproducing head are alter- 
nated when viewed in the adjacent two magnetic head pairs. The Y directional length of the recording heads 
W1 to W8 and the reproducing heads R1 to R8 are the same refenring to the drawing.. Howevefp the actual 
apparatus is arranged in such a manner that the width of a region to which information can be recorded by each 
of the recording heads W1 to W8 is arranged to be slightly larger than the width of a region firom which infor- 

20 maikm can be reproduced by each of the reproducing heads R1 to R8. 

The Y directional Inten^al d between the adjacent magnetic head pairs is arranged to be 6c (for example, 
720 pn\). The drive means comprising the voice coB type linear motor 17 moves; six times, the combination 
head 3 In the direction Y ait each track pitch, that is, perfonms the 6 times of the track switching operation, so 
that Information can be recorded/reproduced from all of tha data tracks T1 to T48. ' 

25 A substrata 7 is positioned from a predetermined X dbectional distance from the substrate 2b. The substrate [ 
7 has, at an end thereof, a servo recording portion 8 comprising six, which is the same number as that of the » 
track switching operations, sen/o signal recording heads WS1 to WS8 in the direction Y. The Y directional lengtti : 
of each of the servo signal recording heads WS1 to WS6 and the inten/als betweert the adjacent servo signal ^ - 
recording heads are respectively arranged to be the same as the pitch c of the data tracks T1 to T48. 

30 Each of the servo signal recording heads WS1 to WS6 is arranged to cause servo tracking signals having 
different firequencies to be recorded to 6 servo tracks SV1 to SV6 (designated by hatched sections) positioned 
In the vicinity of the Y directional end of the magnetic tape 1 . The frequencies of the servo signals to be recorded 
to the servo tracks SV1 to SV6 are anranged in such a manner that tiie difference in the frequencies of the servo 
signals to be recorded to the two adjacent serva tracks is sufficientiy large as shown in Table 1. 

35 

Table 1 



45 



50 



Servo Track 


Frequency 


SVl 


100 KHz 


SV2 


10 KHz 


SV3 


200 KHz 


SV4 


20 KHz 


SV5 


300 KHz 


SV6 


30 KHz 



55 A servo reproducing portion 5 is provided in a Y directional end portion of the substrate 2a. The servo repro- 
ducing portion 5 has two servo signal reproducing heads RS1 and RS2 anranged in the direction Y at the same 
interval as that of the track pitch c. The Y directional 1 ngth e of each of tiie servo signal reproducing heads 
RSI and RS2 is arranged to be a value which is slightiy smaller than the track pitch c, for example, the length 
e is arranged t be 100 ^m. 

The above-described servo signal reproducing heads RSI and RS2 are position d at a reference position 
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shown in Fig. 2A. that is, at positions at which the magnetic head pair H1 confronts the data track T1 so as to 
cov r the upper port! n and the lower portion of the servo track SV1 positioned at a Y directional end portion 
5 by the same width. As a result, the levels of the signals, which are reproduced from the servo track SV1 by the 
servo signal reproducing heads RS1 and RS2, are made to be the same. The gap of the servo signal repro- 
ducing head RS1 and that of the servo signal reproducing head RS2 are positioned on a straight line designated 
by a dashed line A. 

As shown in Fig, 3, the servo signal reproducing heads RSI and RS2 are respectively connected to a com- 
10 parator 14 via band pass filters (BPF) 10 and 11 and amplitude detectors 12 and 13. The BPFs 10 and 11 
change theirfrequency characteristics for each of the servo tracks S VI to SV6 so as to pass components having 
frequencies which approximate to the frequency of the servo signal among the servo signals, which have been 
recorded to the servo tracks SV1 to SV6, to be reproduced by the heads RSI and RS2. Another structure may 
be employed in which the band pass filters 10 and 11 corresponding to the servo tracks SV1 to SV6 are selec- 
15 tivelyused. 

The output from the comparator 1 4 is connected to a servo controller 1 5 the output from which is connected 
to the voice cofl type linear motor 1 7 via a motor driver 1 6. The voice coil type linear motor 1 7 moves the servo 
reproducing portion 5 and the combination head 3 formed integrally with the servo reproducing portion 6 in the 
direction Y or - Y. 

20 Although omitted from the fliuatration, a flange member for reducing the Y directional waving of the magnetic 
tape 1 to a degree about ± 20 nm by restricting the widthwise ends of the magnetic tape 1. 

Infbnnnation is recorded to the magnetic tape 1 in such a manner that tiie magnetic tape 1 is moved in the 
direction Xso as to record Informatiori by odd recording heads W1, W3, W5 and W7 to tiie data tracks T1, T13, 
T25 and T37 whiie recording servo signals by ttie servo signal recording heads WS1 to WS6 to the servo tracks r 

25 SV1 to SV6 at frequencies shown in Table 1 or the same has been recorded. At tills time, recorded information ' 
is immediately reproduced by tiie odd reproducing heads R1, R3, R5 and R7 to validate ite contents. If there * 
Is an error, infonnation is again recorded. . k 

At tills time, tiie senro signal is reproduced from tiie Y directional end servo track SV1 by two servo signal 
reproducing heads RS1 and RS2. The comparator 14 compares ttie amplitude of ttie signals reproduced by 

30 tiie servo signal reproducing heads RSI and RS2 via band pass filters 1 0 and 1 1 which pass only ttie compo- 
nents in tiie vicinity of 100 KHz which is ttie frequency of Uie servo signal of ttie servo track SV1 and ttie am- 
plitude detectors 1 2 and 1 3. The servo controller 1 5 rotates the voice type linear motor 1 7 via tfie motor driver 
1 6 in accordance witii ttie output from tiie comparator 1 4 so ttiat ttie amplitude of ttie signal reproduced by the 
servo signal reproducing head RSI and ttiat reproduced by ttie servo signal reproducing head RS2 are made 

35 to be same. As a result, ttie combination head 3 is moved In ttie direction Y or - Y. Therefore, ttie odd number 
recording heads W1, W3, W5 and W7 follow ttie con-esponding date tracks T1, T3, T25 and T37. 

After Information has been recorded to ttie X directional end along ttie date ti^cks T1, T13, T25 and T37, 
ttie magnetic tepe is moved in ttie - X direction, information is recorded to date tracks T7, T19, T31 and T43 
by even number recording heads W2, W4, W6 and W8. At this time, recorded infonnation is immediately repro- 

40 duced by ttia even reproducing heads R2, R4. R6 and R8 to validate its contents. Also at this time, ttie servo 
signal is reproduced from the servo track SV1 by ttie servo signal reproducing heads RS1 and RS2 so that the 
tracking control is similariy perfbnned. Since tiie servo signals have been recorded to the servo tracks SV1 to 
SV6 in ttie forward movement of ttie magnetic tape 1 , It is not necessary. 

When ttie infonnation recording operation reaches the - X directional end, the combination head 3 is moved 

45 in ttie - Y direction by the track pitch c as shown in Fig. 2B. As a result, infonnation is recorded to ttie date 
tracks T2, T14, T28 and T38 by ttie odd recording heads W1, W3. W5 and W7 while moving ttie magnetic tepe 
1 in the direction X. At this time, ttie servo signal is reproduced from tiie servo track SV2 by tiie servo signal 
reproducing heads RSI and RS2. In order to make the signals reproduced by tiie servo signal reproducing 
heads RS1 and RS2, tracking Is perfonned by moving tiie combination head 3 in ttie direction Y or - Y by the 

so votee coil type linear motor 17. At ttits time, ttie frequency characteristics of ttie band pass filters 10 and 1 1 are 
changed to the characteristics which allows only ttie components to pass, the componente having ttie fre- 
quencies which are near 1 0 KHz which is ttie frequency of tiie servo signal of ttie servo track SVZ As an alter- 
native to ttiis, ttie BPFs 1 0 and 1 1 provided exclusively for ttie servo track SV2 may be selected. 

When ttie Infonrriation recording operation reaches the X directional end, the magnetic tepe 1 1s moved In 

55 ttie direction - X. As a result, infonmation is recorded to ttie date tracks ta, T20. T32 and T44 by ttie even record- 
ing heads W2, W4, W6 and W8 while perfomning tracking in accordance witti ttie outpute from ttie servo signal 
reproducing heads RS^ and RS2 Also at tills tim , til tracking is performed by tti servo track SVZ 

Then, ttie track is switched six times by combining, as shown in TabI 2, ttie recording heads W1 1 W8 
and Ui date tracks T1 to T4d while similarly moving tiie combination head 3 in ttie direction - Y by ttie distance 
corresponding to th track pitch c wh never th magnetic tepe 1 reciprocates and changing tiie subj ct servo 
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track t the adjacent track when viewed in the direction - Y. As a result informaticn is recorded to all of the 
data tracks 11 to T48. 



Table 2 





Forward Passage 


Reverse Passage 


Track Switch I 
(SVl is used) 


Wl-Tl, W3-T13 
W5-T25, W7-T37 


W2-T7, W4-T19- 
W6-T31, W8-T43 


Track Switch . II 
(SV2 is used) 


W1-T2, W3-T14 
W5-T26, W7-T38 


W2-Ta, W4^20 
W6-T32, W8-T44 


Track Switch III 
.(SV3 is used) 


W1-T3, W3r-T15 
W5-T27,. W7-T39 - 


W2-T9, W4-T21 
W6-T33, W8-T45 


Track Switch IV 
(SV4 is used> 


W1-T4, W3-T16 
.W5-T28, W7-T40 


W2-T10, W4-T22 . 
W6-T34, W8-T4 6 


Track Switch- V 
(SV5 is used) 


W1-T5, W3-T17 
W5-T29, W7-T41 


W2-T11/ W4-T23 
W6-T35, W8-T47 


Track Switch VI 
(SV6 is used) 


W1-T6, W3-T18 
W5-T30, W7-T42 


W2-T12, W4-T24 
W6-T36, W8-T48 



The reproduction mode is arranged similarly to the recording mode in such a manner that the combination 
head 3 is moved in the direction - Y by a distance corresponding to the track pitch c whenever the magnetic 
tape 1 redprocatBS once. Furthermore, infonmation is reproduced from data tracks T1 to T48 while changing 
the subject servo track by the servo track posittoned adjacently when viewed in the dbection - Y. 

Although the apparatus according to the first embodiment has the servo signal recording heads WS1 to 
WS8. the servo signal recording heads WS1 to WS6 can be omitted from the Blustration by arranging the struc- 
ture in such a manner that the servo signals are previously recorded to the servo tracks SVl to SV6 when the 
magnetic tape 1 is manufactured. 

According to the first embodiment, the number of the track changing operations is arranged to be 6. the 
present invention is not limKed to 6. In this case, the number of the servo tracks must be changed to correspond 
to the number of the track changing operations. 

Then, a modification to the first embodiment will be described with reference to Rgs. 4A and 4B. 

According to this modification, the number of the frack switching operations is arranged to be 6 similarly 
to the first embodiment Furthenmore. three servo signal recording heads WS1 to WS3 are provided in the servo 
recording portion 8 at a pitch (fbr example, a pitch of 240 tun) which is two times the track pitch of the data 
tracks T1 to T48. On the other hand, three servo signal reproducing heads RSI to RS3 for reproducing infor- 
mation from the servo tracks SV1 to SV3 are provided in the servo reproducnig portion 5 at a pitch (for example, 
120 ^m) which is the sante pitch as the track pitch c. As a result, when the magnetic head pair H1 confkvnts 
the data track T1, the two servo signal reproducing heads RSi and RS2 reepectlvety cover the upper portion 
of the servo track SV1 and this lower portion of the same. The same elements as those according to the first 
embodiment are given th same reference numerals and desolpti ns are omitted here. 

Since informatton is, according to the thus arranged structured modificatton, recorded similarly to th first 
embodiment, only th procedure of the tracking operation will be described. 

In the first reciprocation operati n of the magn tic tape, that is, at the track switch position at which the 
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rec rding head W1 and the reproducing head R1 confront the data track T1 , the servo reproducing heads RS1 
and RS2 reproduces servo signals from the servo track SV1. The two reproduced signals are subjected to a 
5 comparison so that the tracking is perfonmed. 



Table 3 



10 



15 



20 



Track Swicch Position 


Subject Servo Track 


Servo signal Reproducing Head 


I 


SVl 


RSI, RS2 


II 


SVl 


RS2, RS3 


III 


SV2 


RSI, RS2 


IV 


SV2 


RS2, RS3 


V 


SV3 


RSI/ RS2 


VI - 


SV3 


RS2/ RS3 



In the second reciprocation operation, that is. at the track switch position at which the recording head W1 ^ 

25 and the reproducing head R1 confront the data track T2, servo signal SV1 is» as shown in Rg. 4B, reproduced * 
from the sen^o track SV1 by the servo signal reproducing head RS2 and RS3. The reproduced servo signal ; 
SVl is subjected to a comparison so that tracking is performed. k . 

Then, the third and the ensuing reciprocation operation Is simflarly perfonmed in such a manner that the 
seivo track and the servo signal reproducing head are successively switched in accordance with Table 3 so 

30 that tracking at each track switch positions is performed. 

A second embodiment of the present invention will be described with reference to Rgs, 5A. 5B and 5C. 
The same elements, which are the same as those according to the first embodiment, are gh^en the same refer- 
ence elements and their descriptions are omitted from here. As shown in Fig. 5A, a servo signal recording head 
WS is provided in the vicinity of the widthwise end portion of the magnetic tape 1 so as to record the servo 

35 signal to the servo track 20 (designated by hatching for convenience) formed In parallel to the data tracks T1 
to T48. The gap of the servo signal recording head WS is positioned on dashed line C. The servo reproducing 
portton 5 has 7 servo reproducing heads RS1 to RS7 respectively arranged at same intervals which are the 
same as the track pitch c and In the dlrectkm Y. The number of the servo signal reproducing heads 7 is arranged 
to be the number which is larger than the number of the track switching operations by one. According to this 

40 embodiment, since the number of the track switching operations is arranged to t>e 6, seven serra reproducing 
heads RSI to RS7 are provided. The servo signal reproducing heads RS1 to RS7 are positkaned In such a man- 
ner that the heads RS1 and RS2 respectively cover the lower portion and the upper portion of the servo track 
20 by the same widths in order to make the levels of the signals reproduced from the servo track 8 by the heads 
RS1 and RS2 when the recording head W1 and the reproducing head R1 confront the data track T1. 

4$ As shown in Fig. 5B. any of the outputs from the servo signal reproducing head pairs RS1/RS2, RS2/RS3.... 
for use at each of the track switch position is received by amplitude detectora 21 and 22. The outputs from the 
amplitude detectors 21 and 22 are received by a comparator 23. the output from the comparator 23 being 
received by a servo controller 24. The servo controller 24 acts to rotate a vok:e coil type linear motor 26 via a 
motor driver 25. 

50 Fig. 5A Olustrates a status where information is recorded or reproduced from tracks T1 , T7. T1 3, T1 9, T25, 
T31, T37 and T43 by using heads RSI and RS2. Fig. 5C illustrates a status where infonmation is recorded or 
reproduced firom tracks T2, T8. T14, T20. T26, T32, T38 and T44 by using heads RS2 and RS3. Since the 
recording and the reproducing operattons are substanttaily the same as those according to the first embodiment 
their descripttons are omittsd here. 

55 According to the second embodiment, the servo signal recording head WS for recording the servo signal 
is provkjed in th servo track 20, the servo signal racordirig head WS can b omitted firom illustratton in a cas 
where the structure is arranged in such a manner that the servo signal i previ usiy recorded to the servo track 
20 at the time of manufecturlng the n^netic tape 1. 

According to the second embodiment, the number of the track switching operattons is arranged t b 6, it 
can optionally be arranged. In this case, the number of the serv signal reproducing heads must be arranged 
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to b the number which is larger than the track switching operation by one. 

The second embodin^ent is arranged in such a manner that the servo signal reproducing heads RS1 to 
5 RS7 are provided on the substrate 2a on which the recording and reproducing heads are provided. However, 
another structure may b employed which is arranged in such a manner that th sen/ signal reproducing heads 
RSI to RS7 are provided on the substrate 2b or on another substrate except for the substrates 2a and 2b so 
as to be adhered to the substrates 2a and 2b. 

Then, a modification to the second embodiment wiil be described with reference to Fig. 6. 
10 According to this embodiment, odd servo signal reproducing heads RS1 , RS3. RS5 and RS7 are disposed 
on the substrate 2a, while even serwo signal reproducing heads RS2, RS4, RS6 are disposed on the substrate 
2b. Furthenmore. the gap of each of odd servo reproducing heads RS1, RS3, RS5 and RS7 is positioned on 
dashed line A. while the gap of each of even servo reproducing heads RS2, RS4 and RS6 is positioned on 
dashed line B. As a result, the degree of integration of the servo reproducing heads RS1 to RS7 can be mod- 
is erated. Therefore, the servo reproducing heads RS1 to RS7 in the form of the thin film head can easily be man- 
ufactured. 

A third embodiment of the present invention will be described with reference to Figs. 7A, 7B and 7C. 

According to this embodiment, the same elements which are the same as those according to the ftrst and 
the second embodiments are given the same reference numerals and their descriptions are omitted here. 
20 According to the third embodiment thesen/o signal recording head WS for recording the servo signal along 
a widthwise directional end portion 30 of the magnetic tape 1 is provided at an end portion of the substrate 7. 

The servo reproducing portion 5 has 6 ser^o signal reproducing heads RS1 to RS6 arranged in the direction 

Y at intervals each of which is the same as the trade pitch c. The number of the servo signal reproducing heads 
RSI to RS6 is arranged to the same as the number of the tradr switching operation. Since the number of the 

25 track switching operation is arranged to be 6 according to this emt)odiment 6 servo reproducing heads RSI • 

to RS6 are provided. The gaps of the servo signal reproducing heads RSI to RS6 are positioned on a straight : 

line designated by dashed line A. 

A 6or\M means is, as shown in Fig. 7B, arranged in such a manner that a drive means 34 moves the com- - 

bination head 3 in the direction Y in accordance with the outputs from the corresponding servo reprodudng 
30 heads RS1 to RS6 so as to guide the magnetic head pairs HI to H8 to the central portion of the corresponding 

tracks. 

The control means comprises an amplitude detector 31 for detecting the amplitude of the output from any 
of the head among the servo signal reproducing heads RSI to RS6 which is being used. The control means 
further comprises a reference amplitude voltage generator 32 for generating reference amplftude voltage and 
35 a comparator 33 for generating an error signal by comparing the output levels with each other. A drive means 
34 moves the servo signal reproducing heads RSI to RS6 and the combination head 3 in the direction Y or - 

Y in response to'the error signal transmitted from the comparator 33. As a result a desb-ed track selected from 
the tracks T1 to T4 is followed. The drive means 34 may comprise, for example, a voice cod type linear motor. 

Figs. 7A illustrates a state where information is recorded or reproduced from the tracks T1. T7. T13. T19, 
40 T25, T31 , T37 and T43 by using the head RSI . Rg. 7C illustrates a state where infonmatton is recorded or repro- 
duced from the tracks T2, T8, T14. T20, T26, T32, T38 and T44 by using the head RS2. Since the recording 
and reproducing operations are the same as those according to the first and the second embodiments, their 
description are omitted here. 

According to the third embodiment the servo signal recording head WS for recording the servo signal is 
45 provided in the servo track 20. the servo signal recording head WS can be omitted from illustration in a case 
where the structure is arranged in such a manner that the servo signal is previously recorded at the time of 
manufacturing the magnetic tape 1. 

Fig. 8A Illustrates a first modif)catk)n of the third embodiment 

This modification is arranged in such a manner that servo signal recording heads WSa and WSb are re- 
50 spectlvety provided at the widthwise end portions of the substrate 7 so as to record the servo signals to two 
servo regions 30a and 30b at the widthwise end portions of the magnetic tape 1 . A servo reproducing portion 
5a is provkled at either end portion, the sen^o signal reproducing portion 5a having 6 servo signal reproducing 
heads RS1a to RSSa which correspond to the track switching operation number 6. The 6 servo signal repro- 
ducing heads RSIa to RS6a are arranged in the widthwise direction of the magnetic tape 1 at same Intervals 
55 each of which is the same as the track pitch c. On the other hand, a servo reproducing portk>n 5b is provided 
at the Y directional end portion of the magnetic tape 1 , the servo signal reproducing portion 5b having 6 servo 
signal r producing heads RS1b to RS6b which connespond to the number of th track switching operations. 
The 6 servo signal reproducing h ads RS1b to RS6b are amanged in th widthwise direction of the magnetic 
tape 1 at same intervals each of which Is the same as th track pitch c. Th servo signal reproducing heads 
RS1a to RS6a correspond to RS1b t RS6b so that when, for example. RS1a is positioned at either of the 
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widthwise directional ends of the magnetic tap 1 , the con-esponding head RS 1 b confront another end of the 
magnetic tape 1. 

5 According to this modification, when infonmation is record d to the magnetic tap 1, the servo signals are 

recorded to servo regions 30a and 30b at the widthwise end portions of the magnetic tape 1 by the servo signal 
recording heads WSa and WSb while moving the magnetic tape 1 in the direction X. Simultaneously or after 
the servo signal has been recorded as described above, information is recorded to the tracks T1 . T1 3, T25 and 
T37 by the odd recording heads W1 . W3, W5 and W7. At this time, the amplitude of the servo signal reproduced 

10 by the servo signal reproducing head RS1a and the amplitude of the servo signal reproduced by the servo signal 
reproducing head RS1b are respectively detected by amplitude detectors 35 and 3S (see Fig. 8B) so as to be 
subjected to a comparison by the comparator 33. Then, the drive means 34 performs tracking so as to make 
the above-described two amplitudes to be the same. Then, the track switching operations are successively per- 
fomned similariy to the first embodiment so that infonnation is recorded to ail of the tracks T1 to T48, In also 

15 the reproducing mode, the track switching operatton is perfomned and the tracking is also performed similariy 
to the recording mode. 

Since the first modification is arranged in such a manner that the outputs from the pair of the servo signal 
reproducing heads are subjected to the comparison, they can be compensated to each other. Therefore, an 
effect can be obtained in that the tracking can accurately be performed If the magnetic characteristics of the 
20 magnetic tape 1 are changed. 

A second modification of the third embodiment will be described with reference to Fig. 9. This modification 
is arranged in such a manner that the odd servo signal reprodudng heads RSI, RS3, RS5 are disposed on 
the substrate 2a, whOe even servo signal reproducing head RS2, RS4 and RS8 are disposed on the substrate 
2b. As a result, the degree of integration of tfie servo signal reproducing heads can be moderated so that the ; 
25 servo reproducing heads RS1 to RS6 in ttie fonm of the thin film head can easOy be manufectured, f 
Fig. 10 iQustrates a third modification of the third embodiment The third modification is arranged in such ! 
a manner that the servo reproducing heads RSI a to R:S6a and RS 1 b to RS6b according to the first modificatkjn ^ - 
are disposed such that the odd heads are disposed on the substrate 2a and the even heads are disposed on 
the substrate 2b. Similariy to this the second modification, the degree of integratfon of the servo signal repro- 
30 ducing heads can be moderated so that the combination head can easiy be manufactured. 

According to the third embodiment, the servo signal reproducing heads RSI to RS6 (RSI a to RSSa and 
RSIb to RSSb) are disposed so as to reproduce the servo signal from the tape edge portion of the servo region 
8 (8 a and 8 b). The servo signal reproducing heads RSI to RS6 (RSIa to RS8a and RSIb to RS6b) may be 
disposed so as to reproduce the servo signal from the tape center portion of the servo region 8 (8a and 8b). 
35 A fourth embodiment of the present invention will be described with reference to Figs, 1 1 and 12. 

A tracking control device according to the fourth embodiment comprises a oombinatfon head 43 for record- 
ing/reproducing information to a magnetic tape 41. The combination head 43 has a reflecting type photointer- 
rupter holding member 44. 

The magnetic tape 41 has a track group 42 composed of 48 tracks T, to T4e fonned in ttie direction Y at 
40 the same intervals. According to this embodiment, width C of the magnetic tape 1 is arranged to be 1/4 inch 
and the track pitch is arranged to be 120 ^m. The waving of the magnetic tape 41 is restricted to ± 50 nm or 
less by flanges (omitted from illustration) which restrict the ± Y directional end portions of the magnetic tape 
41. 

The combination head 43 recording heads Wi to W^e in the form thin films and reproducing heads Ri to 
45 Rte. The recording heads W, to W^e are disposed in the d irection Y at a pitch of 360 nm. The reproducing heads 
Ri to Rt8 are arranged in the direction X or - X to con-espond to tiie recording heads Wi to Wie. When the mag- 
netic tape 1 is nxjved in the direction X. Infonnation is recorded by 8 recording heads W^, W3, W5, W7. Wa, Wh, 
W13 and Wis, When ttie magnetic tape 1 is moved in the direction - X, information is recorded by 8 recording 
heads W2, W4, Wo, W, W,o, W12. Wu and Wie. Furthermore, the combination head 43 is nwved in the direction - 
50 Y whenever ttte magnetic tape 41 reciprocates once. After ttie magnetic tape 41 has reciprocated tiiree times, 
ttiat is after the track switching operation has been performed tiiree times, infonnation can be recorded/repro- 
duced fipom all of the 48 tracks Ti to T4S, 

The reflecting type photointerrupter holding member 44 has a reflecting type photointerrupter group 45 at 
a position confronting either of tiie + Y directional end of the magnetic tape 41 , the reflecting type photointer- 
55 rupter ^oup 45 being composed of three reflecting type photointenrupters Sai to Sas. As a result light emitted 
from light emitting devices t-ai to Las is reflected by the magnetic tape 41 so as to be detected by light receiving 
d vices Dai to Ob^. The light receiving devices Dai to Da^ are positioned adjacent to tiie magnetic tape 1 while 
th light emitting devices Lai to Las are positioned away from tti magn tic tape 1. 

Th number of tiie reflecting type photointenrupt rs of th reflecting type photointerrupter group 45 is th 
same as the number of tti tracks (Ti to T3) position d in a range in which tfie pair of ttie recording head and 
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the reproducing head, that is. the recording head W, and the reproducing head Ri are able to move. Since the 
refl cting typ photointerrupter holding member 44 is integrally formed with th combination head 43. th ref- 
lecting type photointerrupters Sal to Sa3 are able to move in accordance with the mov mentof the combination 
head 43 in the direction ± Y. The length e of the light emitting device Is arranged to be 1 00 jun. Th reflecting 
type photointerrupters Sat to Saj are disposed In the direction + Y at pitch d (d = 120 \xm) which ^ the same 
as the track pitch of the magnetic tape 1 in such a manner that they are shifted in the direction + X so as not 
to overlap each other. The reflecting type photolntenrupter Sa, is positioned in such a manner that the inter- 
mediate position between the light receiving device Dai of the reflecting type photointerrupter Sai and the light 
emitting device Lai aligns with the + Y directional end of the magnetic tape 1 when the recording head Wi and 
the reproducing head Ri are positioned to confront the track Ti. 

The reflecting type photointerrupters Sal to Sa3 are, as shown in Fig. 12. connected to a head drive means 
48 via a head drive control means 47. The head drive control means 47 comprises a reference voltage generator 
49. a comparator 50 and a servo controller 51. The head drive means 48 comprises a nrotor driver 52 and a 
voice coil type linear motor 53. The comparator 50 compares the output from any of the reflecting type photo- 
intenrupters Sat to Sa, and a predetennined reference level transmitted from the reference voltage generator 
49. In order to make the difference, which is the result of the comparison, to be zero, a control signal Is supplied 
from the servo controller 51 to the motor driver 62, As a result, the motor driver 52 rotates the voice cofl type 
linear motor 53 so that the position of the combination head 43 Is feedback-controlled. Ttius, the head drive 
means 48 moves the combination head 43 In the ± Y direction of the magnetic head 41 so as to make the relative 
position between the magnetk: tape 41 and the combinatkm head 43 to be at a desired position. 

When the a boveKl escribed magnetic recordlng/^produclng apparatus reproduces data from ail of the 
tracks Ti to T48, the combination head 43 is driven by the head drive nr^eans 48, As a result, the reproducing 
head Rt and the track Ti, the reprodudng head R3 and the track T7, the reproducing head R5 and the track T13, 
the reproducing head R7 and the track Ttg. the reproducing head 89 and the track T25. the reproducing head 
R11 and the track T31, the reproducing head Rta and the track T37 and the reproducing head R15 and the track 
T43 respectively confront each other. At this time, the head drive control means 47 causes the head drive means 
48 to move the combination head 43 so as to nreke the difference between the output from the reflecting type 
photointerrupter Sat and the predetermined reference level to be zero. Furthemnore, the combination head 43 
is allowed to follow the waving of the magnetk: tape 41 so that the relath^e position between the magnetic tape 
41 and the contbinatk)n head 43 is maintained at constant When the magnetic tape 41 Is moved in the direction 
X in this state, data is reproduced from tracks Ti, Tr. Tts. T19, Tjs, T31, T37 and T43 by the reproducing heads 
Ri. Rsi R«. R71 Rft. R11. Riaand Rts. After the data has been reproduced from the end of the magnetic tape 1, 
the magnetic tape 1 is moved in the directton - X. so that data is reproduced from the tracks T4, Tto. Tie. T22. 
T28. T34, T40 and T4« by the reproducing heads R^. R4. Re. Re, Rio. R12. Ru and Rte- 

After the data reproduction for one reciprocating operation has been completed, the combination head 43 
is moved by the head drive means 48. As a result, the reproducing head Ri and the track T^. the reproducing 
head R3 and the track Ta, the reprodudng head Rs and the track Tu, the reproducing head R7 and the track 
T20, the reproducing head R9 and the track Tjb. the reproducing head Rn and the track T32, the reprodudng 
head R13 and the track T38 and the reproducing head R15 and the track T44, respectively confront each other. 
At this time, the head drive control means 47 causes the head drive means 48 to move the combination head 
43 In order to make the difference between the output from the reflecting type photointerrupter Saj and a pre- 
determined reference level to be zero. When the magnetic tape 41 is nroved in the direction X in this state, 
data Is reproduced from the tracks T2, Tg. T14. T20, T29, T32, T3a and T44 by the reproducing heads Ri. R3, R5. 
R7, R9, R11, Ri3 and R15- Then, the magnetic tape 41 is moved in the direction - X. data is reproduced from 
tracks Tg, Til, Ti7, T23, T2», T35. T41 and T47, When data is reproduced from the tracks T3, T9. T15, T21, T27. T33, 
T39 and T45 and Te. T12. T13, T24, T30. T^, T42 and T4e, the combination head 43 is moved in order to make the 
difference between the output from the reflecting type photointerrupter Sas and a predetermined reference level 
to be zero. As a result, the track switching operation and the track following operation are performed so that 
data reproduction from all of the tracks Ti to T4e is completed by the three times of the reciprocation motion of 
the magnetic tape 41. The recording operation is similariy perfonmed. 

Then, a firet nKXliflcation to the fourth embodiment of the present Invention will be described with reference 
to Ffg. 13. According to the first modification, a photointerrupter Sr for the reference output is disposed at a 
position which confronts a proper position of the magnetic tape 41 except for its end portion. A light receiving 
device Or of the reflecting type photolntenrupter Sr for the reference output is disposed on the X side while 
a tight emitting d vice Lr is disposed n the - X side. 

The reflecting type photointerrupter Sr for th reference output is provided for the purpose of always moni- 
toring reflection from the surface of the magnetic tape 1 . in accordance with the output denoting the monitored 
surfece reflection, the output from each of the reflecting type photointerrupter Sat to Sas is corrected. Therefore. 
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the tracking control cannot b influenced even if the output from each of the reflecting type photointemjpters 
Sat to Sa^ due to the change in the reflectance or the ambient temperature. 

5 As an aitematfve to the structur arranged in such a manner that the output from each of the refl cting 

type photointemjpters Sal to Sa3 in accordance with the output from the reflecting type photointenxjpter Sr for 
the reference output, the reference level may be corrected. Furthermore, another structure may be employed 
in which the feedback control is perfonned so as to make the output from each of the reflecting type photoin- 
tenrupters Sa, to Ba^ to be the half of the reflecting type photointerr\jpter Sr for the reference output. 

10 A second modification of the fourth embodiment will be described with reference to Fig. 14. The second 
modification is arranged in such a manner that a reflecting type photointerrupter group 6 composed of three 
reflecting type photolnterrupters Sbi to Sbj is provided at positions which correspond to the - Y directional end 
of the magnelJc tape 41 in addition to the above-described reflecting type photointerrupter group 45. The ref- 
lecting type photointerrupter Sa, and the reflecting type photointerrupter Sbi are shifted from each other by a 

15 distance which corresponds to the wklth of the magnetk: tape 41. that is, by 1/4 inch In the direction Y. The 
reflecting type photointemjpters Sa1 and Sbi are positioned in such a manner that their centers coincides with 
each end portion of the ± Y directional ends of the magnetic tape 1 when the recording head Wt and the repro- 
ducing head Ri are posittoned to confront the track T^ 

The feedback control is performed in such a manner that the difference between the outputs from the ref- 

20 lecting type photointemjpter pairs Sai and Sb1, Sa2 and Sba, and Sa, and Sbs is made to be zero. As a result, 
the head drive means moves the combination head 43 in the ± Y direction of the magnetic tape 41 so that the 
relative positton between the magnetic tape 41 and the comblnatten head 43 is held at a predetermined position. 
The apparatus according to the second ntodiflcatlon reveals an advantage in that an Influence from the reflect- 
anceofthemagnetictapeorthe temperatureofthereflecting typephotolnterruptercan be relatively prevented ^ 

25 with respect to the apparatus according to the first modlficatfon, Furthenrwe, the track switching operation and * 
the track fbHowingoperatkjn can flirther staWy be perfonned., . . ' 

The above-described embodiments and the modifteations are arranged In such a manner th^ the light > 
receiving devices Dai to Das and Dbi to Dba are positioned adjacently to the magnetic tape 41 and the light 
emitting devices Ui to Las and Lbi to Li>3 are positioned away from the magnetic tape 41. However, they may 

30 be positioned inversely. 

Many widely different embodiments of the present inventfon may be constructed without departing from 
the spirit and scope of the present invention. It should be understood that the present inventton is not limited 
to the specific embodiments described in this specification, except as defined In the appended claims. 

There are described above novel features which the skiled man will appreciate give rise to advantages. 

35 These are each independent aspects of the invention to be covered by the present application, irrespective of 
whether or not they are included within the scope of the following claims. 



Claims 

40 

1. A tracking control device for a magnetic recording/reprodudng apparatus arranged in such a manner that 
a head unit having a plurality of magnetic heads is successively moved In the widthwise db'ection of a mag- 
netic tape for switching tracking positions so that data recording/reproducing is, by each of said plurality 
of rrmgnetic heads, performed along a plurality of data tracks formed on said magnetic tape m parallel to 

45 a direction in which said magnetic tape moves, said tracking control device comprising : 

at least two servo signal reproducing heads provided integrally with said head unit and provided for 
the purpose of reprodudng servo signals for tracking use from a plurality of servo tracks fonmed in parallel 
to saki data tracks on said magnetic tape ; and 

movement control means for controlling, at each of said tracking positions, movement of said head 
50 unit In saW widthwise direction in accordance with the difference in two servo signals reproduced by adja- 
cent two of said servo signal reproducing heads corresponded to said each of said tracking posittons. whe- 
rein 

a pitch of sakl servo tracks is an integral nnultiple of a pitch of said data tracks^.the number of said 
servo tracks is the same or smaller than the number of said tracking positk)ns to be switched and said servo 
55 signal reproducing heads are disposed at substantially the same pitch as said pitch of said data tracks in 
saidwidthwis directton. 

2. Atracking control device according to Claim 1,wh rein said servo signals are recorded on said servo tracks 
withdiffierentfrequ ndea. 
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A tracking control device according to Claim 1 . wherein a servo signal recording head for recording servo 
signals to said s rvo tracks is provided for said head unit 

A tracking control device according to Qaim 1, wherein when an assumption is made that the numl)er of 
said tracking positions to be switched is n, the number of said servo tracks is 2 and the number of said 
sen^o signal reproducing heads is m. a relationship n = f • (m - 1) is held. 

A tracking control device for a magnetic recording/reproducing apparatus arranged in such a manner that 
a head unit having a plurality of magnetic heads is successively moved in the widthwise direction of a mag- 
netic tape for switching tracking positions so that data recording/reproducing is, by each of said plurality 
of magnetic heads, performed along a plurality of data tracks formed on said magnetic tape in parallel to 
a direction in which said magnetic tape moves, said tracking control device comprising : 

servo signal, reproducing heads provided integrally with said head unit and provided for the purpose 
of reproduang servo signals for tracking use from a sen^o track fonmed In parallel to said data tracks on 
said oiagnetic tape ; and 

movement control nieans for controlling, at each of said tracking positions, movement of sakl head 
unit in said widthwise direction in accordance with the drfference in two servo signals reproduced by adja- 
cent two of said servo signal reproducing heads conresponded to said each of said fa-acklng poslttons, whe- 
rein 

the number of said servo signal reproducing heads is larger than, by one, the number of said tracking 
postttons to be switched and said servo signal reproducing heads are, in said wkithwise direction, disposed 
at substantially, the same pitch as a pitch of said data tracks. 

A tracking oontrol device according to CTaim 5, wherein a servo signal recording head for recording servo 
signals to sakl servo tracks Is provkled for said head unit 

A tracking control device for a magnetic recording/reproducing apparatus arranged in such a manner that 
a head unit having a plurality of magnetic heads is successively moved in the widthwise direction of a mag- 
netic tape for switching traddng posittons so that data recording/reprodudng is, by each of said plurality 
of magnetic heads, performed along a plurality of data tracks fomied on said magnetic tape in parallel to 
a d^^on in which said magnetic tape moves, said tracking control device comprising : 

servo signal reproducing heads provided integrally with said head unit and provided for the purpose 
of reproducing servo signals for tracking use recorded along one end portion of said magnetic tape with 
respect to said widthwise direction ; and 

movement control means for oontroiling, at each of said tracking positions, movement of saki head 
unit in said wkithwise direction in accordance with the differdnce between a level of a servo signal repro- 
duced by one of saki servo signal reproducing heads corresponded to said each of said tracking positions 
and a level of a predetermined reference signal, wherein 

the number of saM servo signal reproducing heads is the same as the number of said tracking posi- 
tions to be swftched and sakI servo signal reprodudng heads are. in said widthwise direction, disposed at 
substantially the same pitch as a pitch of said data tracks. 

A tracking control device according to Claim 7, wherein a servo signal recording head for recording servo 
signals to said servo tracks is provided for said head unit 

A tracking control device for a magnetic recording/reproducing apparatus arranged in such a manner that 
a head unit having a plurality of magnetic heads is successively moved in the widthwise direction of a mag- 
netic tape for switching tracking positions so that data recording/reproducing is, by each of saki plurality 
of magnetic heads, perfonned along a plurality of data tracks fonmed on said magnetic tape in parallel to 
a direction in which saU magnetic tape moves, said tracking control device comprising : 

a first group of ^rvoKsignal reproducing heads provkied integrally with said head unit and provided 
for the purpose or reproducing servo signals for tracking use recorded along one end portion of saki mag- 
netic tape with respect to said wkittiwtse direction ; ■ :. . 

a second group of servo-signal reproducing heads provided Integrally with said head unit and pro- 
vided for the purpose of reproducing servo signals for tracking use recorded along the other end portion 
of said magnetic tap with respect to said widtiiwise direction ; and 

m V m ntcontrol means for controtling, at each of said tracking positions, m v ment of said head 
unit in said widthwise direction in accordance with the differenc between a level faserv signal repro- 
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duced by ne seivo signal reproducing head of said first group corresponded to said each of said tracking 
positions and a level of a servo signal reproduced by one servo signal reproducing head of said second 
5 group corresponded to said each of said tracking positions, wherein 

the number of said servo-signal reproducing heads of said first group and that of said second group 
are respectively the same as the number of said tracking positions to be switched and said servo-signal 
reproducing heads of said first group and said second group are. in said widthwise direction, disposed at 
substantially the same pitch as a pitch of said data tracks respectively. 

10 

10. A tracking control device according to aaim 9, wherein a servo signal recording head for recording a servo 
signal to said servo tracks is provided for said head unit 

11. A tracking control device for a magnetic recording/reproducing apparatus having a combination head 
IS including magnetic heads the number of which is smaller than the number of data tracks formed on said 

magnette tape in parallel to a direction in which a nhagnetic tape moves and being arranged to perform data 
recording/reproducing along said data tracks by successively moving saki combination head in said width- 
wise direction for switching tracking poslttons, said tracking control device comprising : 

reflecting type photointerrupters each of which is provided integrally with saki combination head so 

20 as to confront one of widthwise ends of said magnetic tape at corresponding one of said tracking posiUons 
for generating a signal which denotes intensity of light reflected from said magnetic tape ; 

movement control means for controlling, at each of said tracking positions, movement of said com- 
binatton head in said widthwise direction in accordance with the difference between a level of a signal gen- 
erated by one of said reflecting type photointerrupters which confronts sakJ one of said widthwise ends and [ 

25 a level of a predetermined reference signal, wherein the number of said reflecting type photointerrupters f 
is the same as the number of said tracking positions to be switched and said reflecting type photolnterrup- ; 
ters are disposed at substantially the same pitch as a pitch of sakl^ data tracks In said wWthwise direction. ^ - 

12. A tracking control device according to Qaim 1 1 . wherein each of said reflecting type photointemjpters corn- 
so prises a light emitting device and a light receiving device. 

13. A tracking control device according to Claim 11. wherein saki reference signal is transmitted from a ref- 
lecting type photolntenrjpter provided for said combination unit for the purpose of detecting the intensity 
of light reflected from portions except for said widthwise ends of said magnetic tape. 

35 

14. A tracking control device for a magnetic recording/reproducing apparatus having a combination head 
including magnetic heads the number of which is smaller than the number of data tracks fomned on said 
magnetic tape m parallel to a direction in which a magnetic tape moves and being arranged to perfonm data 
recording/reproducing along said data tracks by successively moving saki combination head In said width- 

40 wise direction for switching tracking posittons, said tracking control device comprising : 

a first group of reflecting type photointerrupters each of which is provided integrally with said com- 
binatton head so as to confront one of widthwise ends of said magnetic tape at corresponding one of said 
tracking positions for generating a signal which denotes intensity of light reflected from said magnetic tape ; 
a second group of reflecting type photointemjpters each of which is provided integrally with said 
45 combination head so as to confront the other of said widthwise ends of said magnetic tape at corresponding 
one of saki tracking positions for generating a signal which denotes intensity of light reflected from said 
magnetk: tape ; and 

movement control means for controlling, at each of said tracking positions, movement of said conrv 
binatton head In saU widthwise direction in accordance with the difference between a level of a signal gen- 
50 erated by one of said reflecting type photointerrupters of said first group which confronts said one of said 
widthwise ends and a level of a signal generated by one of said reflec^g type photointenrupters of said 
second group which confronts said other of said widthwise ends, wherein 

the number of said reflecting type photointerrupters of said first group and that of said second group 
are respectively the same as the number of saki tracking positions to be switched and said reflecting type 
55 photointerrupters of said first group and said second group are, in said widthwise direction, disposed at 
substantially the same pitch as a pitch f said data tracks respectively. 

15. A tracking control device according to daim 14, wherein each of said reflecting type photointerrupters conv 
prises a light emitting d vice and a light receiving d vice. 
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16, A tracking control d vicef r a multi-track tape recording/reproducing system having a head unit which com- 
prises a set of magnetic heads which in use simultaneously scan along respective ones of an an^y of par- 

5 allel data tracks extending side-by-side along a magnetic recording tap . th head unit being laterally 

displaceable relative to the tape to shift the set of heads betwe n a plurality of predetermined positi ns for 
scanning respective sets of different tracks, characterised in that said tracking control device includes a 
servo system for controlling the lateral displacement of said head unit relative to the tape to provide tracking 
control in each said predetenmined position, said servo system including detection means mounted for con- 

10 joint movement with the set of magnetic heads and operable in each said predetermined position for scan- 
ning one or more portions of the tape to detect tracking error, means for producing from the output or outputs 
of said detectton means a servo signal which varies according to said tracking enror, and a drive means 
for laterally moving the head unit in accordance with said servo signal. 

15 17. Servo-controlled tape tracking control system for a serpentine multi-track tape recording/reproducing sys- 
tem in which detector heads, mounted on the laterally displaceable multi-head, magnetic head unit detect 
a tape portion (seivo track or tape edge) in each head position to enable feedback control of the head unit 
position. 

20 . _ , 
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(g) Tracking control device for magnetic recording/reproducing apparatus. 

@ A tracking control device for a magnetic re- 
cording/reproducing apparatus an^nged in 
such a manner that a head unit having a plurali- 
ty of magnetic h^ads is successively nDoved in 
the widthwise direction of a magnetic tape for 
switching tracking posittons so that data recor- 
ding/reproducing is, by each of the plurality of 
magnetic heads, performed along a plurality of 
data tracks formed on the nnagnetic tape in 
parallel to a dtrectton in which the magnetic 
tape moves. The tracking control devk:e has at 
least two servo signal reproducing heads pro- 
vided integrally with the head unit and provided 
for the purpose of reproducing servo signals for 
tracking use from a plurality of servo tracks 
formed in parallel to the data tracks on the 
magnetic tape, and movement control unit for 
controlling, at each of the tracking positions, 
movement of the head unit in the widthwise 
direction in accordance with the difference in 
two servo signals reproduced by adjacent two 
of the servo signal reproducing heads corres- 
ponded to each of the tracking positions. 
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